ABSTRACT
preconstruction cost control or accountability. Current practices for consultant fee estimating 11 by state Departments of Transportation (DOT) documented in this study show little 12 standardization in estimating practices across and within transportation agencies. As a 13 consequence many individuals are creating their own tools to develop preconstruction service 14 cost estimates. The result is that national and regional consultants that work in more than a 15 single state are forced to expend additional effort to maintain agency-specific work task 16 databases; the cost of which no doubt is passed back to the agency in increased overhead 17 costs. This study found that application of a CSBS to classify specific work tasks and 18 utilizing a database of previous project cost information promotes consistency and aids 19 contract negotiations with consultants. found that on average 9.5% of total project cost growth was caused by deviations in 10 construction required to correct design errors. A study of the Oklahoma Turnpike Authority 11 reinforced this concept. Analysis of $90 million worth of projects found a direct relationship 12 between amount spent on design and the construction cost growth of both bridge and 13 roadway projects (1). The underlying theme of this previous research is summarized in Figure   14 1. If adequate resources are not assigned to allow designers and planners enough time and 15 funding solve technical, environmental, and constructability problems during the 16 preconstruction phase then the quality of construction documents produced is compromised, 17 this in turn creates additional (cost incurring) work during construction.
. 
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Consistency is an important quality of successful cost estimating. As such, providing 35 a framework or process to facilitate a uniform approach to estimating is highly beneficial.
36
Larson and Gray (6) state "when people are guided by a core set of principles, they are 37 naturally more predictable because their actions are consistent with these principles". The There are a number of approaches to estimating PCS costs, this paper focuses on 46 functional level estimating which is a bottom-up approach used to assign resources within the preconstruction phase. Functional level estimating is a particularly important part of PCS one specific project characteristic such as lane-miles or bridge length (14) . As a result, the 18 best way to quantify these services is to develop a scope of work for the effort required to is aggregated to form a total PCS cost estimate for the project.
26

Use of Functional Level PCS Cost Estimating
27
A functional level estimate can be used to quantify the number of work hours that will be monitoring of forward work load to available team members.
10
External Consultant Design
11
If the work package cannot be completed in-house, the functional level estimate is still useful.
12
It can be used during negotiation with a consultant who will complete the work for the DOT.
13
With an ever increasing number of external consultants being contracted for PCS services, whether the agency would be willing to share the data for research purposes. From the 12 results, several project-level case studies were identified.
While the screening survey provided some useful insights into the overall state-of-the- 14 practice, case studies were the primary source of data for the PCS cost estimating techniques.
15
Though research technique and protocol preferences vary for given scenarios, case study 16 research has been shown to be an effective research tool for evaluating and analyzing 17 emerging business practices such as PCS estimating approaches (19) . Case studies can be 
Case Study Selection
33
Various case study options were considered based upon factors such as land area and budget.
34
From an original shortlist of 16 proposed states, nine DOTs were selected. Data was collected 35 on the agencies PCS cost estimating procedures and some project case study projects were obtained. The list of the nine participating agencies is displayed in 
29
To create a CSBS the activities that occur during preconstruction can be organized • Provides a template that can be reused to quickly identify tasks required for future 7 projects.
8
• Allows the collection of work effort hours and costs to aid future estimates.
9
• Ensures that all appropriate tasks are included within an estimate -no portions are 10 omitted.
11
Another application of a CSBS is to provide it as the template for consultants submitting a 12 cost proposal. In Florida the estimates developed by both the DOT and the consultant are 
Utilizing Historic Data
18
From the interviews within the case studies, it was possible to gain insight into how DOTs
19
currently value PCS and whether they take any steps to estimate the cost of this phase within 20 the project lifecycle. Some of the information gained from these interviews is summarized in 21 use organized historical data to aid the development of estimates, however a large portion 4 (68%) recognized they "may look" at previous projects to assist their decision making. While 5 this practice is a good sense check, without an organized database of historical projects to 6 reference, experience is required to recall similar projects and relate differences in the 7 expected scope-of-works. Many opportunities are lost when useful data is not recognized and 8 applied. Within the construction industry, it is commonly accepted that collecting and archiving data on past project estimates and actual costs is a successful way to improve future 10 estimates. This same principle applies for functional level PCS cost estimating, despite it not 11 currently being widely recognized by DOTs.
12
It is interesting to observe in Table 4 that of the nine case studies, seven currently 13 collect PCS cost data, but only three utilize this information. While the survey did not
14
specifically ask what the purpose of the data collection is for, it is likely that many of these
15
DOTs that collect the data do not formally use it for anything other than record keeping.
16
Information from previous projects can be collected in the form of accounting systems and 
